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THE IDEA that hyperparathyroidism and
an adenoma of a parathyroid gland are
synonymous started in 1903, when Askanazy
discovered a parathyroid tumor in a patient
dying with von Recklinghausen's disease of
bone.2 He called the tumor "an adenoma"
and it was such that Mandl sought and re-
moved in July 1925, in a patient with this
same bone disease.12 13 Until 1933, no other
type of anatomic disorder of the parathy-
roid glands was reported in patients with
hyperparathyroidism. In 1934, the condi-
tion of primary water clear cell hyperplasia
involving all four parathyroid glands was
described by Albright, Bloomberg, Castle-
man and Churchill.' The next steps in the
understanding of parathyroid pathology
were the finding of two adenomas each
in a separate gland, carcinoma, and a sec-
ondary form of hyperplasia.
Most recently, another type of primary

hyperplasia, readily confused with an ade-
noma when only one gland is examined,
has been encountered in ten patients and is
the subject of this presentation. In this hy-
perplasia the cells are chief cells, like those
in most of the adenomas. To avoid sec-
ondary operations, it has been found essen-
tial that chief cell hyperplasia be differ-
entiated at operation from the adenoma,
both single and double.
Our experience suggests that this chief-

cell hyperplasia will be the common type
of parathyroid enlargement in patients with
multiple endocrine abnormalities. Four of
our ten patients had associated tumors of
pancreas or pituitary. Two of these patients

* Presented before the American Surgical Asso-
ciation, New York, N. Y., April 16-18, 1958.

** Nuffield Fellow.

have been reported, the parathyroid en-
largements being designated at that time as
adenomas.'5 Scrutiny of cases with multiple
endocrine abnormalities reported in the
literature reveal 14 in which the description
of the parathyroid enlargement is consistent
with chief-cell hyperplasia. The enlarge-
ments were variously named (Table 1).

Pathologic Entities and Surgical Practice
to the Present

The specific surgical maneuver indicated
in a patient with hyperparathyroidism ob-
viously depends upon the type of disorder
in the parathyroid glands. In order to un-
derstand the surgical significance of the ten
cases to be presented in this paper, a re-
view of the experience to date seems help-
ful. The first 200 patients with hyperpara-
thyroidism operated upon at the Massachu-
setts General Hospital are chosen for this
presentation.
The Single Adenoma. The commonest

form of anatomic disorder encountered in
hyperparathyroidism is a benign adenoma
in one gland with no disease (other than
possible atrophy) in the other three glands.
The surgical problem in this type is to find
the adenoma, remove it, and it alone. To
insure the identification of the enlargement
as an adenoma, it is more helpful to isolate
one of the three undiseased glands than to
rely upon frozen section of the adenoma.
In the series of 200 cases, 158 such single
adenomas have been encountered. (Fig.
1, 2, Table 2.)
The Double Adenoma. An occasional

variant of the adenomatous type of the dis-
ease is an adenoma in each of two glands,
the other two being uninvolved in the dis-
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TABLE 1. Cases in Literature Suspected of Having Chief Cdl Hyperplasia
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No. of
Autopsy Para- Serum Serum

or thyroids Author's Cal- Phos- Other
Opera- Exam- Classifi- Renal cium phate Bone Endocrine

Author Date tion ined Size cation Disease (mg. %) (mg. %) Disease Disease

Claude 1911 A 4 2 kidney-bean, Multiple - - - - Acromegaly-eosino-
and 2 small hazel- adenomas philic adenoma of

Baudouin nut pituitary. Adrenals

A 3 Slightly larger
than normal

A 2 Central ade-
noma in each

Hanke 1932 A 4 1 hen's egg,
1 walnut,
2 pea

Kalb- 1937 A 4 3 pea size,
fleisch 1 hazel-nut

Washburn 1938 0 1 10.1 Gm.
A 2 Enlarged

A 4 3.88 Gm. total
(30 mg. to 2.8
Gm.)

A 4 2.69 Gm. total
(320 mg. to
1.07 Gm.)

Multiple
adenomas

2 adenomas

Apparently
normal

Apparently
normal

2 adenomas, Mild
2 hyper- disease
plasia

1 adenoma, -

3 hyper-
plasia

Adenoma
Hyperplasia

Adenoma-
tous nodules
in 3-4th not
mentioned

Multiple
adenomas

A 3 1.51 Gm. 2 adenomas,
1 hyper-
plasia

O 4 700 mg. 2 adenomas,
2 not men-
tioned

O 3 2.19 Gm. 4 adenomas
in 3 glands

O 4 720 mg. Adenoma-
tous hyper-
plasia in
3 glands

A 3 2.3 X1.0 X1.0 Adenoma-
cm. tous hyper-

1.0 X0.8 XO.8 plasia
cm.

1.2 XO.5 XO.5
cm.

Wermer 1954 A 4 Markedly
enlarged

Nodular
hyperplasia

Nodular
hyperplasia

- Nodular
hyperplasia

A 4 Nodular
hyperplasia

Severe
terminal
renal
disease

Normal

Uretero-
lithiasis,
pyelo-
nephritis

Moderate
insuffi-
ciency

Moderate
insuffi-
ciency

Moderate
insuffi-
ciency

-17 Gm. Thyroid-
190 Gm.-clinical
hyperthyroidism.
Acromegaly. Colloid
goiter. Nodular hy-
perplasia of adrenals.

Acromegaly-eosino-
philic adenoma of
pituitary. Nodular
hyperplasia of adre-
nals. Colloid goiter.

23.4 - Severe None
osteitis
fibrosa
cystica

3.2 Severe
osteitis
fibrosa
cystica

Islet-cell adenoma of
pancreas.

Multinodular colloid
goiter.

Preop.
19.3

Postop.
16

- - Normal Multiple islet-cell
carcinomas of pan-
creas.

- - Osteitis Multiple carcinomas
fibrosa of islets of Langer-
cystica hans.

Presum-
ably
elevated

Presum-
ably
elevated

12.3 2.0
to to
13.8 2.4

10.8 3.3
to to
12.0 4.1

? acro-
megaly

Acro-
megaly

Islet-cell adenoma of
pancreas.

Islet-cell adenoma of
pancreas.

- - - - Chromophobe ade-
noma of pituitary.
Nodular hyperplasia
of adrenal. Islet-cell
adenoma of pan-
creas.

- 12.0 2.7 None Mixed eosinophilic
and chromophobe
adenoma of pitui-
tary. Adenomatosis
of pancreatic islets.
Islet-cell adenoma of
duodenum.

- Ele- Normal - Multiple islet-cell
vated tumors.

- Presum- Depressed - Multiple islet-cell
ably carcinomas. Chro-
elevated mophobe adenoma

of pituitary.
- Presum- Depressed - Multiple islet-cell

ably adenomas of pan-
elevated creas.

3 1.14 Gm. Nodular Minimal
hyperplasia disease

11.4 2.5 None Islet carcinoma of
pancreas.
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HYPERPLASIA OF THE PARATHYROID GLANDS

FIG. 1 (Left). A single adenoma of a parathyroid gland.
FIG. 2 (Right). Longitudinal section through part of a parathyroid

of normal parathyroid tissue. From X 15.

ease process. Resection of both adenomas
is needed to relieve the hyperfunction. This
type has been found ten times in the 200
cases. In five of the ten, only one adenoma
was found at the initial operation and a
second exploration was required (Table 2).
Carcinoma. A carcinoma often adherent

to surrounding structures was found in
eight patients. (Table 2.) Wide resection
of the single tumor is performed.7
Primary Water Clear Cell Hyperplasia.

Hyperplasia involving all four glands, as-
sumed at the time to be a pathologic type
comparable to diffuse disease of the thyroid
in hyperthyroidism, was encountered in
1933.1 The surface of the glands is irregular
with frequent pseudopods, and their color
is chocolate brown (Fig. 3). Microscopically
the cells are all of the same type, vacuo-
lated, distended and usually lying in an
acinar-like arrangement (Fig. 4). This type
has been called primary hypertrophy and
hyperplasia and has been found in 14 of
the patients (Table 2). A subtotal resec-
tion, comparable to subtotal resection of
the thyroid in hyperthyroidism, is needed.
This has consisted of total removal of three
and partial removal of the fourth.4
Secondary (Chief Cell) Hyperplasia.

The parathyroid glands are found slightly
to moderately enlarged in patients with

adenoma showing rim

chronic renal insufficiency.' An operation is
not indicated in this condition, but when
the differential diagnosis between primary
and secondary hyperparathyroidism has
been uncertain, exploration has been done
and the glands found to be kidney-bean
size, smooth, vascular and grayish rather
than brown.

The New Entity
The Finding. In 1952, another entity

involving all four parathyroid glands and
not previously described was encountered
while operating upon a patient with classic
hyperparathyroidism (Table 3, 4). Expos-
ing first the right side of the neck a large
parathyroid tumor was found behind the
thyroid lobe extending down into the poste-

TABLE 2. Hyperparathyroidism: M.G.H. Series,
Pathologic Types of Hyperfunctioning

Tissue, 1930 to 1958

Neoplasia
1. Single adenoma 158 cases (79%)
2. Double adenoma 10 cases (5%)
3. Carcinoma 8 cases (4%)

Primary Hyperplasia
4. Water clear-cell type 14 cases (7%)
5. Chief-cell type 10 cases (5%)

Total: 200 cases
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TABLE 3. Primary Chief-Cell Hyperplasia (Clinical Manifestations in 10 Patients)

Patient Number
Sex
Age at first operation (yrs.)
Dates of operations

Kidney Renal stones
disease Nephrocalcinosis
Bone Classic type
disease Decalcification alone

Gastritis
Gatestro-l Peptic ulcerationintestal Pancreatitis
disease l Cholelithiasis

Other (PancreasOer Pituitaryendocrine Thyroid
gland Adrenal
Disease HypotalHypothalamic

Mental upsets
Duration of disease (yrs.)
Weights of tissue removed (Gms.)

(including both operations
where two)

3
+

5 12

+ +

16 3 1 4 5

+

2 5

26 1* 2* 2.2 8 1 3* 1* 0.1 0.9

* Estimated.

rior mediastinum. It measured 5.5 cm. in
length and was blackish gray rather than
brown in color. In a more anterior plane,
just below the lower thyroid pole and in-
timately related to thymic tissue, was a

much smaller enlargement of a lighter
brown color. It measured 1 cm. in diameter.
The opinion of the pathologists were di-
vided concerning the frozen section of both
enlargements, adenoma and atypical hyper-
plasia being the diagnoses. The left side of
the neck was then explored and compar-
able enlargements were found in symmetri-

cal positions. The involvement of all four
glands indicated that the process must be
a hyperplasia. The disparity in size be-
tween the upper and lower glands had
been encountered before in the hyperplasias
of the water-clear cell type. Both of the
large upper glands were resected in toto
and the lowers only partially resected. Post-
operatively the blood calcium level fell to
normal in 24 hours (Table 4). Reconsidera-
tion of the permanent sections of the four
glands suggested a hyperplasia of a chief-
cell type. Since this experience, nine other

TABLE 4. Primary Chief-Cell Hyperplasia (Chemical Manifestations in 10 Patients)

Patient Number 1 2 3 4 5 6 7 8 9 10

Preoperative
Serum calcium (mg. %) 15.6 12.6 13.8 12.0 11.4 11.2 16.0 12.0 12.0 11.2
Serum phosphorus (mg. %) 6.0 1.8 2.2 2.2 2.3 5.2 2.0 2.9 2.7 2.6
Serum alkaline phosphatase (units %) 11 4.4 6.0 3.8 4.9 12 60 2.5 5.8 9.6
Serum N.P.N. (mg. %) 43 21 26 27 27 84 28 32 20 25
Total serum protein (Gm. %) 6.6 5.9 7.1 7.0 5.8 6.5 6.6 7.6 7.1 6.7
24-hour urinary calcium (mg.) 52 437 438 344 294 58 327 186 140 239

Postoperative
(Stable values)

Serum calcium (mg. %) 8.4 8.0 8.2 8.9 9.0 8.8 9.6 9.4 9.6 *
Serum phosphorus (mg. %) 3.6 3.6 4.0 2.3 3.5 3.6 2.8 3.3 3.1 *

* Operation too recent.
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HYPERPLASIA OF THE PARATHYROID GLANDS

patients have been encountered with the
same type of disorder. Curiously all of
these ten have been observed in the last
60 patients with hyperparathyroidism, re-
sulting in an incidence of 5 per cent in 200
(see Table 2).
In 1953, the second and third patients

with this type of hyperplasia were op-
erated upon, a daughter and a father. Two
enlargements were removed at the first op-
eration in both of them and were classified
as double adenomas both by surgeon and
pathologist.,, It was not until subsequently
when residual hyperparathyroidism was
manifest and a second exploration was un-
dertaken that the true pathologic entity
was recognized. Following subtotal resec-

tion, removal of three and subtotal removal
of the fourth, the hyperparathyroidism was
relieved. Both of these patients had multi-
ple endocrine abnormalities; the father had
also had severe peptic ulceration with hem-

4_r. .

FIG. 3. The four parathyroid glands from a pa-
tient with primary water-clear cell hyperplasia.
Note the irregular surfaces due to pseudopods.
The glands are chocolate brown. The figure shows
the disproportion in size between the upper and
lower glands.

FIG. 4. Primary water-clear cell hyperplasia.
The cells are large, vacuolated and with a basal
orientation of the nuclei. There is often a well-
formed acinar arrangement. From x 76.

orrhage leading to total gastrectomy (see
Table 3, 4).*
During the operation of the fourth pa-

tient, the situation was recognized and a

subtotal resection was carried out on the
four enlarged parathyroids. Hyperparathy-
roidism had been suspected in this patient
for 16 years. She had arthritis in both hips,
the exact nature of which is still uncertain,
and a tendency to obesity. A thyroid ade-
noma was also found and resected at the
time of the parathyroid operation.
The fifth patient, a woman of 41, had

kidney stones. She had been amenorrheic
since the age of 23 yet had become preg-
nant when 29 and had delivered a normal
child. She also was obese. On parathyroid
exploration, two enlargements were found
on the right side. The left side of the neck
was not explored and the calcium level
failed to fall after operation. On re-explora-
tion six weeks later two comparable en-

largements were found on the opposite
side; one was removed in toto and the other
was subtotally resected. The calcium level
then fell promptly to normal (Chart 1).
At the end of the first operation, both sur-

geon and pathologist called the two en-

largements "adenomas." Following the sec-

ond operation on this patient, with the
descent of the calcium level, we now felt
certain that the glands of these patients

* A more detailed account of the ten patients
is given in the Appendix.
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PRIMARY CHIEF - CELL HYPERPLASIA

ht Operotion
Remol 2 Tumos
Right Side ot Neck

CASE 162

2nd Operotion /I /
2n.d Operation
2 Tumor Lft
Side of Neck

29 1 3 5 7 9 17 19 21 23 25 7 29
NM Dec ian No
1954 055 S56

CHART 1. The serum calcium levels in Patient
5 before and after the two operations. The first
operation was inadequate; the calcium level
promptly fell after the second. The serum calcium
levels used are the averages between two inde-
pendent readings (E.D.T.A. and Fiske methods).
Throughout the period of the graph the serum
phosphorus level varied between 2.2 and 2.8 mg.%.

constituted an entity to be differentiated
both from the adenomas and the water
clear cell hyperplasia.

In the sixth patient, a man of 62 with
advanced disease of both bones and kid-
neys, the four enlargements were recog-
nized at operation and subtotally resected.
This man subsequently died of advanced
renal disease and at postmortem examina-
tion nephrocalcinosis, pancreatitis, and an
adenoma of the pituitary were found.
The nature of the parathyroid hyper-

plasia was also recognized in the seventh
patient at the initial operation. Four en-
largements were isolated and a subtotal re-
section carried out. The calcium level
dropped only slightly following this pro-
cedure and at a subsequent operation a
much larger fifth parathyroid tumor was
disclosed within the thymic capsule in the
anterior mediastinum. Following the total
resection of this fifth enlargement, the
blood calcium level fell promptly to nor-
mal.3
At operation upon the eighth patient, the

true nature of the parathyroid change was
not recognized. A single tumor only was re-
sected, and no change of the blood calcium
level followed. At a subsequent operation
three months later three other hyperplastic

Annals of Surgery
September 1958

glands were uncovered and subtotally re-
sected. The expected fall in blood calcium
level followed promptly. It is to be empha-
sized that not only did the surgeon miss the
nature of the disease at the first operation
but the pathologist also classified the tumor
as an adenoma. The surgeon should have
searched further and verified the disease.
The pathologist had no alternative since he
was offered no other gland by which to
compare the enlargement.
The diffuse nature of the hyperplastic

process was recognized promptly at the op-
eration of both the ninth and tenth patients.
The ninth patient had bilateral staghorn cal-
culi. The four slightly enlarged glands
were uncovered and subtotally resected. The
tenth patient had had kidney stones and
both duodenal and gastric ulcers. She had
had a subtotal gastrectomy, and subse-
quently resection of a stomal and jejunal
ulcers. At the second operation an adenoma
was removed from her pancreas. This
aroused the suspicion of other endocrine
disease and the diagnosis of hyperparathy-
roidism was made on the basis of a sus-
tained, elevated blood calcium level. On
parathyroid exploration four hyperplastic
glands were found and a subtotal resection
carried out removing three and two-thirds
of the fourth. This was followed by a
prompt fall in the blood calcium level to
within normal limits.
The Pathology. In primary chief-cell hy-

perplasia all the parathyroid glands are en-
larged (Fig. 5), and the total weight of all
the glands has varied from one to 25 gm.
(excluding Case 9).# The range of weight
is as wide as that seen with primary hyper-
trophy and hyperplasia of the clear-cell
type,4 which ranged roughly from 3 to 60
Gm. As with primary water-clear cell hy-
perplasia, the upper glands are generally
much larger than the lower ones, although
the difference is not as great in the chief

# The four glands in Case 9 were only slightly
enlarged. A part of each was used for frozen sec-
tion before weighing and the total weight was
estimated to have been 150 mg.
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cell hyperplasia. In some cases, the larger
gland on one side has been found in a
lower position, and this may be explained
by a greater than normal embryological
descent of an upper gland. In one patient a
gland found in the mediastinum weighed
approximately the combined weight of the
four glands found in the neck (Case 7).
The glands may have a nodular, irregular

contour but, unlike the enlargements in
water clear cell hyperplasia, pseudopods
have not been encountered grossly. The
nodularity in some cases is exaggerated by
fibrous septa, and this nodularity with
septa seen on cut section provides a clue in
the gross diagnosis of the entity.
The color of the glands is tan to reddish-

brown similar to that of the adenoma, in
contrast to the more chocolate brown of the
primary water-clear cell hyperplasia or the
creamy-grey of the secondary hyperplasia.
The microscopic picture in primary chief-

cell hyperplasia may be indistinguishable
from that of an adenoma or secondary hy-
perplasia, especially at operation where
only a small portion of the gland is ex-
amined by frozen section. The striking fea-
ture in many of the cases is the great varia-
tion in the types of cell within a single
gland, and this is especially true in glands
showing gross nodularity. One whole nod-
ule or an island of cells within a nodule
may be composed entirely of small pale
chief cells, whereas its contiguous island is
made up of large clear cells or oxyphils.
(Fig. 6, 7.)
The predominant cell in most of the

glands is the small (6-8 ,u) or large (8-
10 ,u) chief cell, in contrast to the huge (10-
40 ,u) clear vacuolated cell seen in primary
water-clear cell hyperplasia. The cell mem-
brane is distinct in most of the larger cells
and indistinct in the smaller. The cyto-
plasm is slightly basophilic in all the cells.
The second most common cell is the large
pale oxyphil cell, which was the predom-
inant type in two of the cases (Cases 4 and
5). Scattered water-clear cells as well as
islands of water-clear cells also occur in

E PARATHYROID GLANDS 381

Fic. 5. The parathyroid glands from the fourth
patient with primary chief-cell hyperplasia. The
glands have the same red-brown color as an ade-
noma and have a smooth surface unlike the glands
in clear-cell hyperplasia with their pseudopods.
Usually both upper glands are larger than the
lower.

some of the glands; and in two cases, if the
examination was limited to certain fields
one would probably have made a diagnosis
of primary water-clear cell hyperplasia. Ap-
proximately one-half of the cases have
giant cells-large cells with single hyper-
chromatic nuclei similar to those seen in
some of the adenomas. In two cases there
were multinucleated giant cells consisting
of either chief or oxyphil cells with 3 to 6
small dark nuclei (Cases 5 and 8). Other
than the glands that contain giant cells,
nuclear variability is minimal. No mitotic
figures are present in any of the cells. Basal
orientation of the nuclei so characteristic of
primary water-clear cell hyperplasia is pres-
ent only in rare groups of water-clear cells.
The same arrangements of cells in cords,
sheets, and acini, the latter often filled with
colloid-like material, are seen as in ade-
nomas and some cases of secondary hyper-
plasia.

Fat cells are present in only 40 per cent
of the glands, and when present they usu-
ally consist of a few cells grouped at one
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FIG. 6 (Upper). Primary chief-cell hyperplasia. Photomicrograph of a gland from
the fifth patient showing the microscopic nodular pattern which is often present.
From X 39.

FIG. 7 (Lower). Primary chief-cell hyperplasia. Higher power of part of Figure 6
showing the variation of the cellular pattern. From x 125.

382



HYPERPLASIA OF THE PARATHYROID GLANDS

edge of the gland. In one case, however,
they were scattered throughout all of the
glands (Case 9).

Microscopically, about half of the glands
show irregular projections from the surface
that resemble the pseudopods described in
primary hypertrophy and hyperplasia of the
water-clear type. Distinct rims of normal
parathyroid tissue, such as is sometimes
present in an adenoma, is never present.
The normal appearing tissue seen focally
in an occasional gland merges indistinctly
with the hyperplastic areas.

Clinical and Chemical Evidence of Pri-
mary Hyperparathyroidism. From the
clinical and chemical point of view the 10
patients had primary hyperparathyroidism.
The distribution of the clinical variations is
given in Table 3 and the Appendix. The
chemical evidence is given in Table 4 in-
cluding the determinations after operation.

Surgical Treatment. The surgical man-

agement of the chief cell hyperplastic glands
of the ten patients has been in principle
the same as that found successful in water-
clear cell hyperplasia.4 A radical subtotal
resection was carried out and proved effec-
tive.
The first objective of the surgeon is to

identify the pathologic type of parathyroid
disorder. If an undiseased gland is the first
parathyroid found, then the disease process

must be either an adenoma or carcinoma in
another gland. If the first gland found is
enlarged, it is not sufficient to finish the
operation by removing this gland. Before
removing it the other gland on the exposed
side should be sought. If it is undiseased,
the tumor is a neoplasm to be removed.
If it is not uncovered, the opposite side is
to be explored.
Two enlarged glands may represent two

adenomas or hyperplasia and at least a

third gland must be found since opinion
based on frozen section may be unreliable.
If three enlarged glands are uncovered, the
fourth is to be found.
The undiseased gland is best identified

grossly by meticulous surgery. It is unfair
to the patient to remove sufficient part of

an undiseased gland (which may be some-

what atrophic) to carry out an adequate
frozen section. A snippet for permanent sec-

tion can be removed from the tip opposite
the hilum without damaging the gland ex-

cessively. A snippet is too small for frozen
section.
When primary hyperplasia is established,

whether chief-cell or clear-cell, it has been
effective when all of three of the enlarge-
ments have been removed and only a small
piece of the fourth left with an intact blood
supply. A remnant estimated to weigh be-
tween 60 and 120 mg. has sufficed in eight
of the ten patients. Usually the subtotal re-
section should be made of the most acces-

sible enlargement so that if too large a
remnant is left it can be readily uncovered
at a subsequent operation.

Discussion
Review of the first 200 patients with pri-

mary hyperparathyroidism treated surgi-
cally at the Massachusetts General Hospital
reveals that one in five did not have a sin-
gle benign adenoma. Forty-two of these pa-

tients would not have been cured by the
removal of a single enlargement believing
it to be an adenoma. There were 24 exam-

ples of primary hyperplasia, 10 of which
were primary chief-cell hyperplasia. This
finding is significant to the surgeon because
of the ready confusion with the adenoma,
single or double. For patients with primary
chief-cell hyperplasia a radical subtotal re-

section of all the glands was required.
Among these 10 patients, failure to rec-

ognize the true nature of the hyperplastic
process at the initial operation led to a sec-

ond exploration in four. In a fifth (the
seventh patient), the fact that the calcium
level failed to fall after the subtotal resec-

tion of four glands combined with the
knowledge that the process was a hyper-
plasia led directly to the assumption that
a fifth enlarged parathyroid existed. The
finding of this fifth abnormal gland, the first
on record to our knowledge, accentuates
the significance of knowing the type of
pathology present. All 10 patients were en-
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countered among the last 60 cases, and it
is therefore suspected that the incidence of
primary chief-cell hyperplasia will ulti-
mately prove to be higher than the present
5 per cent of all cases of primary hyper-
parathyroidism.
The differential diagnosis between pri-

mary chief-cell hyperplasia and adenomas
rests primarily on the involvement of all
four glands and secondarily on the absence
of a rim of normal parathyroid tissue, a

finding often seen in the adenoma. Micro-
scopically it is more difficult to differen-
tiate secondary hyperplasia from primary
chief-cell hyperplasia. In the latter, there is
a tendency toward more nodularity and
follicle formation than is usually seen in
secondary hyperplasia, and giant cells,
which are sometimes seen in this disease,
are very rare in secondary hyperplasia. In
most cases, however, the differential diag-
nosis can be made on the basis of the chem-
ical findings, although difficulty may arise
in the case of primary hyperparathyroidism
with severe renal insufficiency in which
the serum calcium and phosphorus deter-
minations may have become reversed. Sec-
ondary hyperplasia due to renal disease
was excluded in our 10 patients by the
elevated serum calcium levels (Table 4).
The ten patients with primary chief-cell

hyperplasia from a clinical point of view
had typical primary hyperparathyroidism
(Table 3). All manifested one or more of
the various complications of the disease
syndrome-namely, renal calcifications, pep-
tic ulceration and bone changes. A majority
also showed evidence of other endocrine
abnormalities. The second patient had two
insulin-producing islet-cell adenomas of the
pancreas, and the tenth had a non-insulin-
producing islet-cell adenoma with gross

peptic ulceration. The third patient had a

tumor of the pituitary with gross peptic
ulceration. Four of the patients had patho-
logic changes in the thyroid gland, and in
one of these a small chromophobe adenoma
of the pituitary and hyperplasia of one

suprarenal gland were also found at
autopsy. The fourth and fifth patients were
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obese, with a tendency to sleep during the
day. The fifth patient had amenorrhea for
many years before a normal pregnancy at
the age of 29 years.

Thus, primary chief-cell hyperplasia
should be strongly suspected in patients
with primary hyperparathyroidism who
have other endocrine tumors; these patients
are being encountered with increasing fre-
quency. The parathyroid changes have been
interpreted both by us and by previous
authors as multiple adenomas, but a review
of our cases and those reported in the litera-
ture indicates that these changes are more

consistent with a hyperplastic than a neo-

plastic process.

Is this hyperplasia really an entity sep-

arate from the water-clear cell hyperplasia
or is one a variant of the other? We believe
that both types of hyperplasia are different
forms of the same process. If compared to
the two forms of goitre commonly associated
with hyperthyroidism, the uniform micro-
scopic appearance of the water-clear cell

hyperplasia indicates that it may be anal-
ogous to the primary thyroid hyperplasia of
Graves' disease whereas the uneven nod-
ular character of the chief-cell enlargement
may be the equivalent of the nodular goitre.

Summary
Since 1952 ten patients with primary hy-

perparathyroidism have been encountered
with a type of parathyroid hyperplasia dis-
tinct from the adenoma, carcinoma and the
previously described water-clear cell hy-
perplasia. All of the parathyroid glands are

enlarged by the disease process, the cells

are predominantly of the non-vacuolated
chief-cell type and the entity is being called
primary chief-cell hyperplasia. It is essen-

tial that the entity be recognized at opera-

tion if secondary operations are to be
avoided. The enlargements are most read-
ily confused with the adenoma, especially if
only one gland is exposed. Five per cent of
the first 200 patients with primary hyper-
parathyroidism cared for at the Massachu-
setts General Hospital have turned out to
have this condition.
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Four of the ten patients with this pri-
mary chief-cell hyperplasia also had tumors
of the pancreas and pituitary gland and it
is suspected that this condition, previously
described as "adenomatous hyperplasia"
and "multiple adenomas," will prove to be
the common type of parathyroid disease in
patients with multiple endocrine abnor-
malities.

Grossly the cut surfaces of the individual
glands present an ill-defined nodularity,
which is more evident microscopically. The
gross and microscopic appearance of a sin-
gle gland may be insufficient to distinguish
chief-cell hyperplasia from an adenoma,
and examination of all four glands may be
necessary to establish a definite diagnosis.
The surgical treatment consists of total

resection of three glands and a subtotal
resection of the fourth.

Appendix
Case Reports

(See also Tables 3 and 4)
Case 1: (MGH 788215, parathyroid 140). This

man was noted to have nephrocalcinosis with a
moderate azotemia at the age of 40 in 1949. In
1952, a bone cyst was discovered with a general-
ized decalcification and absent lamina dura. The
serum calcium levels varied between 14.0 and 15.6
mg.% and the serum phosphorus levels between
6.0 and 6.5 mg.%. The serum non-protein nitrogen
was 43 mg.% and 24-hour excretion of calcium
53 mg. At operation all the four parathyroid glands
were enlarged and showed a primary chief-cell
hyperplasia. A radical excision was not carried
out in view of the reduced kidney function. In
the immediate postoperative period the serum
calcium and phosphorus levels became normal
though the serum N.P.N. level rose to 100 mg.%o.
Two years after operation his general health de-
teriorated and he died in uremia. This man had
had several mental upsets in his past as well as a
history of gastritis.

Case 2: (MGH 804526, parathyroid 147). This
patient, the daughter of the patient in Case 3, had
a mild concussion followed by headaches at the
age of 17. Five years later, in 1953, following epi-
sodes of fainting due to hypoglycemia, two islet-cell
tumors of the pancreas were removed. There was a
history of passing a few small stones in 1952, and
on investigation hyperparathyroidism was con-
firmed. In 1953 two enlargements of the parathy-
roid glands were found and resected. In 1956, a
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further exploration was carried out because of the
persistence of hyperparathyroidism, and further
parathyroid tissue was removed. The glands
showed primary chief-cell hyperplasia.

Case 3: (MGH 538826, parathyroid 148). This
man had a partial gastrectomy for duodenal ulcer
in 1945, followed by further surgery on two occa-
sions in 1946 for stomal ulceration. He was ad-
mitted to the hospital following a convulsion in
1953, at the age of 45. He was a tense gloomy
individual and on investigation the bones showed
decalcification and the serum calcium and phos-
phorus levels were typical of hyperparathyroidism.
There was a strong family history of peptic ulcera-
tion. X-ray showed a further stomal ulcer and a
skull film an enlargement of the sella turcica. At
operation "adenoinas" of the left parathyroid
glands were found and removed. Later after a
hematemesis a total gastrectomy was performed.
No pancreatic tumors were found at this operation.
In 1954, a course of radiotherapy was given to the
pituitary but with little improvement to his head-
aches and convulsions. His hyperparathyroidism
persisted, and in 1955 the neck was reexplored.
On this occasion two parathyroid enlargements
were found on the right side of the neck and
resected. The right lobe of the thyroid was also
removed and showed an adenoma with hyper-
plasia. After this the serum calcium level fell to
normal and has remained there. The parathyroid
glands all showed primary chief-cell hyperplasia.

Case 4: (MGH 155884, parathyroid 160). This
patient began having pains in the thighs and knees
at the age of 20 in 1924. In 1926, x-rays were said
to show evidence of infectious arthritis in both
hips. In 1938, x-rays of the bones showed demin-
eralization and the serum calcium was 12.4 mg.%
and the serum phosphorus 2.6 mg.%o. There was a
family history of diabetes. In 1949, she was ad-
mitted to hospital for bilateral hip arthroplasties-
at this time the serum calcium level was 9.6 mg.%
-and in 1950 the right side was revised.

In 1954, she was reinvestigated and hyperpara-
thyroidism diagnosed. At this time there was
marked obesity and a tendency to fall asleep
during the day. At operation four enlarged para-
thyroid glands were discovered and a subtotal re-
section carried out. The glands showed primary
chief-cell hyperplasia. A nodule was also removed
from the thyroid gland which showed hyperplasia.
In the postoperative course the serum calcium fell
and one month after operation the reading was
8.9 mg.%, and the serum phosphorus 2.3 mg.%o.

Case 5: (MGH 868277, parathyroid 162). This
patient had right ureteric colic in 1954, at the age
of 41. Later a stone was removed from the bladder
and an investigation made for parathyroid disease.
She gave a history of lassitude, headaches, and easy
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fatigability. Her menarche at the age of 16 had
been followed by an irregular menstrual flow until
the age of 23 when her periods stopped. At the age
of 29 she became pregnant and delivered a normal
child without recovery of her menses. On examina-
tion she was obese and hirsute. The serum chem-
istries were typical of hyperparathyroidism. The
x-rays of the bones were normal. In December
1954 two enlarged parathyroid glands were re-
moved from the right side of the neck. Hyper-
parathyroidism persisted and in January 1955, a
subtotal resection of two further enlarged glands
on the left side of the neck was carried out. The
glands showed primary chief-cell hyperplasia. Post-
operatively the serum calcium fell (see Chart 1)
and a year later the level was 9.0 mg.% with a
serum phosphorus of 3.5 mg.%.

Case 6: (MGH 879761, parathyroid 165). This
patient aged 62 was first seen in late 1954 with in-
creasing weakness, polyuria and anemia. In Feb-
ruary 1955, he was admitted to hospital with re-
tention of urine due to a benign enlargement of
the prostate. Following decompression of the blad-
der he was investigated. Bone x-rays showed cysts
and decalcification. The serum non-protein nitro-
gen was 190 mg.%; the serum calcium varied
between 10.4 and 11.2 mg.%, and the serum phos-
phorus between 4.6 and 5.9 mg.%. The 24-hour
urinary excretion of calcium was 60 mg. After the
non-protein nitrogen level had fallen, an explora-
tion of the neck was carried out and four enlarged
parathyroid glands discovered. A subtotal resec-
tion was performed and the removed tissue showed
primary chief-cell hyperplasia. Postoperatively the
serum calcium fell to 9.6 mg.% and the serum
phosphorus to 3.5 mg.%. In August 1955, the cal-
cium was 10.3 mg.%s, the phosphorus 5.5 and the
serum N.P.N. 62 mg.%c. The patient died in
uremia in December 1955. At autopsy among
other findings there were squamous metaplasia of
the thyroid gland with an adenoma, a small
chromophobe adenoma of the pituitary, and ad-
renal cortical hyperplasia. There were also nephro-
calcinosis and right-sided renal stones. Residual
parathyroid tissue was found and showed a more
uniform histology than the glands removed at
operation.

Case 7: (MGH 824209, parathyroid 170). This
man presented with a cyst of the mandible in
1953, at the age of 37. The cyst was removed and
the serum calcium level was recorded at 12.5
mg.%o. The cyst recurred and on investigation
the blood chemistries were those of hyperparathy-
roidism. There was a four year history of dyspepsia
with a gastric ulcer being seen on x-ray in 1951.
There had been psychologic upsets necessitating
visits to a psychiatrist. The bones showed demin-
eralization but no cysts, and there was moderate
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nephrocalcinosis. In June 1955, the neck was ex-
plored, and four enlarged parathyroid glands were
found and subtotally resected. The hyperparathy-
roidism persisted, and in October 1955, the medias-
tinum was explored and a fifth enlarged parathy-
roid removed. The glands showed primary chief-
cell hyperplasia. After the second operation the
hyperparathyroidism was relieved.

Case 8: (MGH 962888, parathyroid 181). This
man had an attack of right renal colic in 1952,
at the age of 52 and later passed a small stone.
He was admitted for investigation in March 1957,
after two further attacks of colic. There was a past
history of psychologic upset. From 1945 to 1956
he had regularly drunk two quarts of milk a day
and taken alkali for dyspepsia though no peptic
ulceration was proved. He had gout. The blood
chemistries showed hyperparathyroidism and the
x-rays no bone involvement. In April 1957, the
right side of the neck was explored and an en-
larged parathyroid gland removed. The hyperpara-
thyroidism persisted, and in July, 1957 two en-
larged glands were removed from the left side of
the neck and the second gland on the right bi-
opsied. All the glands showed primary chief-cell
hyperplasia. The serum calcium level fell to nor-
mal after the second operation.

Case 9: (MGH 411914, parathyroid 189). This
patient, a woman aged 46, was discovered in 1956
to have bilateral staghorn renal calculi. The blood
chemistries were typical of hyperparathyroidism,
and the x-rays showed no bone involvement. At
operation four slightly enlarged parathyroid glands
were discovered and subtotally resected. The glands
showed primary chief-cell hyperplasia. At opera-
tion the thyroid gland was nodular and slightly
enlarged. There was a past history of a partial
thyroidectomy in 1933 and of a cholecystectomy
for gall stones in 1954. Subsequently to the para-
thyroid exploration the staghorn calculi were re-
moved. In January 1958, the serum calcium was
9.7 mg.%o and the serum phosphorus 3.1 mg.%c.

Case 10: (MGH 858262, parathyroid 197).
This patient passed some gravel in her urine after
an attack of right renal colic in 1953. In 1954,
at the age of 43 she was treated for a large duo-
denal ulcer and later underwent a subtotal gastrec-
tomy. In addition to duodenal ulceration there was
gastritis and duodenitis. After a period without
symptoms she again had dyspepsia in 1956. Fol-
lowing a hematemesis in March 1957, a further
subtotal gastrectomy with vagotomy was performed
with the discovery of four jejunal ulcers with
gastritis, and jejunitis. At this operation a nodule
in the pancreas was removed which on histology
proved to be a non-insulin-producing islet-cell
adenoma. At this point hyperparathyroidism was
considered and diagnosed. At a neck exploration
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in March 1958, four enlarged parathyroid glands
were found and subtotally resected. The glands
showed primary chief cell hyperplasia. After this
the serum calcium fell to a low normal value. It is
still too soon to know what will be the stable post-
operative calcium level. Gastric analyses before the
first and the second stomach operations did not
show a hypersecretion or undue acidity. This pa-
tient had a history of long standing mental worries.
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DISCUSSION
DR. H. A. FRANK: We are grateful, as ever, to

Dr. Cope and his associates for instruction and
guidance in this field.

We encountered a patient recently with whom
we could have used Dr. Cope's guidance, I think.
This was a 58-year-old man who came to our hos-
pital in November. In 1923, he had had a kidney

stone; in 1933, a peptic ulcer. He entered the hos-
pital, having passed another urinary stone, and was
found to have the chemical findings of hyperpara-
thyroidism.

In exploration of his neck, these are what we
found: (Slide) We thought the right upper para-
thyroid was a little large, but were not sure it was
outside normal limits and did not disturb it. The


